There are two typical subprocesses in bank production-deposit generation and loan generation. Aiming to open the black box of input-output production of banks and provide comprehensive and accurate assessment on the efficiency of each stage, this paper proposes a two-stage network model with bad outputs and supper efficiency (US-NSBM). Empirical comparisons show that the US-NSBM may be promising and practical for taking the nonperforming loans into account and being able to rank all samples. Applying it to measure the efficiency of Chinese commercial banks from 2008 to 2012, this paper explores the characteristics of overall and divisional efficiency, as well as the determinants of them. Some interesting results are discovered. The polarization of efficiency occurs in the bank level and deposit generation, yet does not in the loan generation. Five hypotheses work as expected in the bank level, but not all of them are supported in the stage level. Our results extend and complement some earlier empirical publications in the bank level.
Introduction
Since it was first developed by Charnes et al. [1] , DEA (data envelopment analysis) has been widely used to measure the performance of DMUs (decision making unites) that convert multi-inputs into multi-outputs, such as bank performance [2, 3] , company performance [4, 5] , hospital web security [6] , production planning [7] , energy consumption productivity [8] , bankruptcy assessment [9] , electricity distribution [10] , R&D performance [11] , agricultural economics [12] , airport performance [13] , and other applications [14] . In traditional DEA models, DMU is treated as a "black box, " in which the inputs enter and outputs exit, neglecting the intervening steps [15] . What goes on inside the DMU is ignored or unknown. Yet some production systems have a network structure, such as when production by a subprocess results in an intermediate output that is an input to another subprocess [16] and the bank production which takes on a typical structure of two stages, that is, the deposit generation and loan generation [17] . Then bank managers are likely to know more information from subprocess or divisional efficiency than from bank level efficiency. To open the "black box" and get greater insight into the production process, the network DEA model is constructed to analyze the network structure of production by researchers, such as Färe and Grosskopf [18] , Lewis and Sexton [15] , Sexton and Lewis [19] , and Tone and Tsutsui [20] . However, to obtain a comprehensive and accurate measurement of bank efficiency, the extant models need to be updated. The first motivation of this paper is to fill up this approach gap, which is explained in detail as follows.
Färe et al. [21] first introduced network DEA model, which was improved and extended by other researchers. Lewis and Sexton [15] propose a network DEA model for multistage system which is an extension of the two-stage DEA model proposed by Sexton and Lewis [19] . Their studies solve a DEA model for each node independently. Yet these radial models are inconsistent with most practical production processes and ignore input slacks and output slacks, for they stand on the assumption that inputs and outputs undergo proportional changes. Tone and Tsutsui [20] propose a network slacks-based measure model (NSBM) to evaluate efficiency when inputs and outputs might change 2 Mathematical Problems in Engineering nonproportionally. However, to the best of our knowledge, none of these network DEA models can distinguish all DMUs because the efficiency scores of DMUs on the frontier are one. The super efficiency model [22] provides a solution to rank the efficiency of DMUs on the frontier, which yet has not been combined to network model so far. Another issue is that undesirable/bad outputs such as nonperforming loans (NPLs) of banks are very common in production process but are usually ignored in the above literatures. Färe et al. [21] incorporate polluting outputs in the black box DEA model and model firm inefficiency using the directional output distance function. Huang et al. [23] propose a model named US-SBM which combines super efficiency, undesirable outputs, and slacks-based measure (SBM) together. Yet they are still unable to open the black box. Fukuyama and Weber [16] propose a slacks-based inefficiency measure for a two-stage system with bad outputs and analyze the source of inefficiency, which also does not consider the super efficiency. Aiming to solve the above mentioned gap, this paper extends the NSBM to a new model called US-NSBM by combining NSBM with super efficiency and undesirable outputs. The latter takes the undesirable outputs such as NPLs into account. Comparisons among models show that the US-NSBM may be more promising and practical.
Another motivation of this paper is the gap of empirical study on the efficiency of the Chinese banks in the mainland. First, while the efficiency of the Chinese commercial bank has been studied by a wealth of literatures, they employ "black box" DEA models with no consideration of intervening steps [24] [25] [26] . Consequently, less information of divisionspecific guidance on improving the efficiency of each stage is provided. Second, there is rising interest in using network DEA models to study the efficiency of financial institutions, such as Japanese banks [16] , banks holding companies in the USA [17] , Bangladesh banks [27] , and nonlife insurance companies in Taiwan [28] , a province of China. However, to the best of our knowledge, network DEA models have not been used to analyze banks in the mainland of China in published study so far. Although the characteristics of the proposed models and the bank efficiency are often observed in those literatures, the determinants of the divisional efficiency are seldom explored. This paper seeks to fill the above empirical gaps by applying the proposed US-NSBM model to measure the overall efficiency and divisional efficiency of banks with consideration of NPLs. Based on previous studies [16, 17] , this paper divides the bank production into two stages of network structure and treats deposits and other raised funds as intermediates, that is, the outputs of deposit generation and the inputs of loan generation. Using the overall efficiency or divisional efficiency of each stage as explained variable, we run regression models to explore the determinants of efficiency both at bank level and division level. The comparisons of them stress the difference on the effect mechanism of different stages, which offers deeper insight into the sources of efficiency in the deposit generation and loan generation.
The remainder of the paper is organized as follows. In the next section, a new network SBM model is proposed to measure the bank efficiency by extending previous studies, and the properties of the new model are also discussed. The third section compares the efficiency of Chinese banks measured by black box models and that by network models. It shows that the new model is promising and practical for it combines super efficiency and undesirable outputs with the NSBM model. Then by using the new model and data of Chinese commercial banks from 2008 to 2012, the characteristics of overall and divisional efficiency and the determinants of them are explored based on statistical comparison and regression analysis in this section. The conclusions and the limitations are presented in Section 4. vector, and assume that > 0, > 0, and > 0. The production possibility set is as follows:
Methodology and Mathematical Models
Tone [29] extends the SBM model [30] to a new one that deals with undesirable outputs. Given that DMU is efficient in the presence of undesirable outputs, Tone [29] defines the nonoriented SBM efficiency as the optimal objective function value of the following program under the variable returns to scale (VRS) assumption: [29, 31] . When studying the bank efficiency in the US, Holod and Lewis [17] point out that bank managers seek to simultaneously decrease input levels and increase output levels, so it would be better to evaluate the nonoriented efficiency. Moreover, they assumed variable returns to scale since they believed it to be unfair to compare "large" banks to "small" banks and vice versa. Following them, we also measure the nonoriented efficiency under the VRS assumption.
SBM Model with Undesirable Outputs and Super Efficiency (US-SBM).
Charnes et al. [1] put forward the famous DEA model called CCR. However, in their model, the efficiency scores of efficient DMUs are 100% and thus cannot be distinguished. Same cases can be seen in Kao and Hwang [28] and Fukuyama and Weber [16] . Andersen and Petersen [22] propose the super efficiency model to solve this problem. The difference between the super efficiency model and the standard efficiency model lies in the fact that the DMU in the reference set of the super efficiency model is excluded (which is denoted by ̸ = ). In the super efficiency model, the efficiency scores of inefficient DMUs are in accordance with those of the standard efficiency model, whereas for efficient DMUs in an input-oriented model, for example, if the super efficiency value is 130%, the DMU remains relatively efficient in the entire DMUs set, even if its inputs are increased proportionally by 30%. The super efficiency model makes it possible to rank efficient DMUs, thus providing further analysis with tangible and more accurate evidence.
Huang et al. [23] extend the U-SBM models to a model named the US-SBM model. The US-SBM model combines U-SBM with super efficiency. If DMU is US-SBM-efficient, the nonoriented efficiency is evaluated by solving the following program under the VRS assumption:
The term is non-Archimedean infinitely small. When the scores of SBM-efficient DMUs are measured, the growth of undesirable outputs may exceed 100%. This may make the denominator of the object function negative, potentially leading to objective function boundlessness; that is, the optimal value approaches negative infinity. To avoid this result, the fourth constraint is appended, thus limiting the denominator of the objective function to a positive number. [20] evaluated the nonoriented overall efficiency of DMU as follows: where ∈ + is the intensity vector corresponding to Division and − ( + ) are the input (output) slack vectors.
Network SBM Model (NSBM
is the relative weight of Division which is determined corresponding to its importance. Note that bad outputs are not considered in this model.
Tone and Tsutsui [20] then defined divisional efficiency score by
where − * and + * are the optimal input slacks and output slacks for (4).
A New Network SBM Model to Measure Bank Efficiency

Bank Production.
Allowing the bank production to have a network structure has intuitive appeal [16] . There are two typical subprocesses in bank production-deposit generation and loan generation. In the first stage, banks use inputs such as labor, fixed assets, and equity capital to absorb deposits and other funds. In the second stage, those deposits are used to produce loans and other earning assets such as securities investments. However, traditional DEA models treat bank production as a "black box" with no consideration of the underlying process [17] . Therefore, it is difficult for bank managers to indentify which stage is more efficient. Network DEA allows managers to open the "black box" and analyzes the efficiency of each stage by defining the two stages as sub-DMUs. Deposits and other funds are defined as intermediates; that is, they are outputs produced by the sub-DMU 1 (stage 1) and also are inputs for the sub-DMU 2 (stage 2). Figure 1 illustrates the two-stage network model.
A Two-Stage Network Model with Bad Outputs and Supper Efficiency (US-NSBM).
Neither the undesirable outputs nor the super efficiency is considered in the NSBM model proposed by Tone and Tsutsui [20] . Thus, it could be difficult to evaluate the bank efficiency accurately. And the efficient DMUs on the frontier are indistinguishable. This paper extends the NSBM model to US-NSBM model by incorporating the undesirable outputs and supper efficiency into NSBM model. [17] , nonoriented model is applied to emphasize the importance of simultaneously decreasing inputs and increasing outputs in a bank, which is often adopted by managers. We evaluate the nonoriented overall efficiency of DMU as follows:
This program can be solved by transforming it to a linear program with the Charnes and Cooper [31] transformation. 
where is the number of intermediates. 1− * ( 1+ * ) is the optimal slacks in the inputs (outputs) of stage 1 (2). * ( * ) is the optimal slacks in good (bad) outputs of stage 2 for (6). And V 12 (V 22 ) is the number of good (bad) outputs of the stage 2.
Several Properties of the US-NSBM Model.
In this section, several properties of the US-NSBM models are discussed.
Theorem 1. A DMU is overall efficient if and only if it is efficient for all divisions.
Proof. Similar theorem has been proved in the NSBM model by Tone and Tsutsui [20] . Adding a new output such as NPLs will not change the theorem. So for the US-NSBM model, its main difference from NSBM lies in the consideration of super efficiency which has no influence on model except ranking the efficient DMUs. Given that the inputs and outputs are fixed, the number of efficient and inefficient DMUs measured by NSBM is the same as that measured by US-NSBM. Therefore, Theorem 1 also goes on the US-NSBM. Note that the division efficiency is defined as the ratio of inputs/outputs only if overall efficiency is the optimal for (6). In other words, if one of divisions is inefficient, the DMU is overall inefficient. Table 4 in Section 3.2 provides empirical evidence that 16 banks are overall efficient if and only if all divisions are efficient.
Theorem 2. Every division has at least one divisionally efficient DMU under the variable returns-to-scale assumption.
Proof. Similar to Tone and Tsutsui [20] , we sort the DMUs in the Division in ascending order in input values using Input as the th key and then sort the resultant in descending order in output values, using Output as the + th key. The slacks of DMU listed at the lexicographical minimum (top) are zero for every feasible under the VRS assumption. So the division has at least one efficient DMU regardless of the orientation. Following previous studies [16, 17] , the inputs and outputs are set as follows. The inputs are fixed assets ( 1 ), equity ( 2 ), and personnel expenses ( 3 ) (note that personnel expenses are used in this paper, which is different from the number of employees used by Holod and Lewis [17] . For one thing, only 17 samples are available for each year when using the number of employees as input, as many banks did not report the indicator in the BVD. For another, the number of employees does not reflect the real cost or investment because banks have different policies on the wages, benefits, and trainings). The deposits and short-term funding ( 1 ) and other raised funds ( 2 = total funding minus deposits and short-term funding) are treated as intermediates. The desirable outputs are gross loans ( 1 ) and other earning assets ( 2 ). The latter is defined as the sum of securities, federal funds sold, and trading assets. The importance of accounting for bad loans as part of the lending process cannot be understated [16] . So nonperforming loans (NPLs) are used as undesirable output, which includes more than 90 days past due loans, nonaccrual loans, and restructured loans. All financial data are deflated using GDP deflator with a base = 100 in 2008. Descriptive statistics of the inputs and outputs of 185 observations in pooled sample are provided in Table 1 .
An Application to Efficiency Analysis of Chinese Bank
Model Comparisons.
The comparisons among models will help to identify which is the best. As for black box model, two cases should be considered. In the first case, deposits are treated as inputs and in the other case as outputs. Both of them are based on US-SBM model [23] . With regard to network models, NSBM proposed by Tone and Tsutsui [20] and US-NSBM introduced in this paper are included, using initial inputs, intermediates, and final outputs mentioned in Section 3.1. To have a better comparison with Tone and Tsutsui [20] models, this paper sets weight of one-half for each subprocess: 1 = 2 = 0.5, following Fukuyama and Weber [16] . It implies that two divisions are equally important. Similar to Fukuyama and Weber [16] , the observed input and output vectors we use are = , = , and = , for it is unfair to compare "large" banks to "small" banks and vice versa. So we get four models, that is, black box (input), black box (output), NSBM, and US-NSBM, accordingly. The main difference between black box models and US-NSBM is that the latter uses two-stage network model and regards 1 and 2 as intermediates. The main difference between NSBM and US-NSBM lies in that the latter considers supper efficiency and bad output (NPLs).
Holod and Lewis [17] suggest that the assumption of variable returns to scale (VRS) was a better alternative to Tables 2-4.  Table 2 presents the pooled descriptive statistics of bank efficiency measured by different models. Surprisingly, there are 126 (76) efficient DMUs among 185 observations when 1 and 2 are treated as outputs (inputs) in the black box models, which means that almost 2/3 (1/2) of DMUs are efficient. At least one outlier (1158) occurs when 1 and 2 are considered as outputs, which leads to the abnormal mean (7.177) and standard. deviation (85.06). And there are only 16 (12) efficient DMUs in the US-NSBM (NSBM). It shows that the black box models may not provide accurate results. The maximum efficiency value measured by NSBM is 1, which means that it cannot rank all efficient banks, while the maximum by US-NSBM is bigger than 1, which indicates that the efficient DMUs are recognizable. Note that the minimum of NSBM is zero, which means that at least one DMU is totally inefficient or without output. This is not true for the minimum of outputs being 287.213 million $ (see Table 1 ). This outlier does not occur in the results of US-NSBM and the minimums of overall/divisional efficiency are bigger than 0.2 (0.264/0.361/0.323). The above findings indicate that more reasonable and accurate measurements could be provided by US-NSBM.
Using US-NSBM as a base model, the correlations and difference comparisons are reported in Table 3 . There are significant high correlations between US-NSBM and other models (Spearman's rank coefficients are bigger than 0.5).
However, both paired -test and sign rank test show that there are also significant differences among the four models. There are similar significant differences between the divisional efficiency of stage 1 (2) measured by US-NSBM and that measured by NSBM. Therefore, the US-NSBM cannot be replaced by other models. Table 4 reports efficient observations measured by US-NSBM, including overall or divisional ones. 28 observations of 15 banks are overall or divisionally efficient in some years. Among them, 16 observations are overall efficient, and 26 (18) observations are divisionally efficient in the stage 1 (2). The 16 observations are overall efficient if and only if both of the divisions are efficient. These findings not only provide evidence of Theorems 1 and 2, but also show that, when a DMU is overall or divisionally efficient in the US-NSBM, it is efficient in the black box (output) model.
Characteristics of Bank Efficiency in China.
The US-NSBM model is used to study the bank efficiency in the following parts as a consequence of providing a better bankefficiency measurement indicated in the above comparisons. Columns 6, 7, and 8 of Table 4 Bank are also efficient in both deposit generation and loan generation, most banks such as Nanyang Commercial Bank are only efficient in one of them. The histograms of overall efficiency and divisional efficiency at each stage are shown in Figures 2(a), 2(b) , and 2(c), respectively, which picture the frequency distribution of the efficiency scores of all samples (care is needed in comparing divisional scores mutually [20] , because the number of inputs and outputs may differ division by division and DEA scores are affected by the inputs/outs and benchmark. It is easy to say that stage 1 (1) of a DMU is highly efficient, while it is hard to judge which stage is more efficient. For example, the score of certain DMU is 0.9 in stage 1 and that in stage 2 is 0.8, yet we should simply not make the conclusion that the efficiency in stage 1 is higher than that in stage 2. More evidence is needed). There are significant differences among the distribution of them. First, few banks are efficient in the whole production or in the loan generation, that is, stage 2, yet more banks are efficient in the deposit generation, that is, stage 1. As described in Figure 2 (Figure 2(b) ). Second, polarization occurs in the deposit generation. More than 50% of samples are smaller than 0.75 in the deposit generation (Figure 2(b) ), while about 50% are in the interval [0.75, 0.85] in the loan generation (Figure 2(c) ). The coefficient of variation in the deposit generation is 0.247, which is much bigger than that in the loan generation (0.193; see Table 2 ). Similarly, the overall efficiency also shows polarization. However, the divisional efficiency of stage 2 clusters around 0.8, which indicates that the banks do not show significant differences in the loan generation.
The Determinants of Chinese Banks' Efficiency in Two Stages
Hypothesis and Variables.
Lots of factors may exert influence on the bank efficiency. This paper focuses on the five types of determinants and goes further to the subprocess or divisional level. The hypotheses are formulated as follows.
(1) "Risk taking" hypothesis: high bank efficiency may be a result of managers bearing more risk. From the bank level, under this hypothesis, a loss of earnings from any source reduces the bank efficiency. Once the efficiency of a bank is reduced, the bank responds to moral hazard incentives by increasing the riskiness of its loan portfolio, which results in higher loans, higher nonperforming loans, and higher efficiency score on average in the future. Thus we identify "risk taking" hypothesis by the relationship between net loan to total assets and bank efficiency. Fortunately, previous empirical study [32] has shown that net loan to total assets is positively and significantly related to cost efficiency of commercial banks, saving banks, and cooperative banks. It indicates that bank risk has a significant effect on bank efficiency. However, if we go further to the division or subprocess level, the coin may not be this side. As to the deposit generation, risk taking may bring higher raised funds such as deposits, which may improve the efficiency of this stage. Yet to the loan generation, risk taking may bring higher loans and NPLs. The former may help to improve the efficiency, while the latter goes on the contrary. So the results may be mixed if the bad output is considered in this stage.
(2) "Assets liquidity" hypothesis: banks with higher assets liquidity may be regarded as more powerful, solvent, and healthy, which helps to attract investment and customers and tends to increase bank efficiency. Banks with more liquidity may also imply that bank managers are proficient in assets management and therefore can make more good outputs. Previous study [32, 33] found a positive relationship between bank liquidity and cost efficiency for a large sample of European banks. The situation at the subprocess level such as deposit/loan generation may be similar to the bank level.
(3) "Interest margin" hypothesis: higher net interest margin may exert a negative impact on bank efficiency because the banks tend to be in a not-so-fierce competition. As an indicator of competitive behavior in the banking industry, low net interest margin means a competitive market, where managers are stimulated to make every effort to obtain more good outputs and therefore bank efficiency is improved, and vise visa. Previous study [34] indicates that managerial efficiency of EU banks is negatively and significantly related to net interest margins. As to the subprocess level, a similar result is expected.
(4) "Shareholders behind" hypothesis: banks supported by powerful, rich, and professional shareholders may have the advantage to absorb deposits, to grasp business opportunities, and to access to large customers, which helps to improve efficiency. In this paper, two kinds of obvious supports are identified. The first factor is that whether a bank is a foreign bank. Extant literature [35, 36] shows that foreign banks are more efficient than domestic banks in China, which indicates that foreign banks perform better in both profit efficiency and cost efficiency due to shareholders' superior management skills. The other factor is that whether it is a listed bank. Being a listed company is conducive to improving bank's ability to gain more investment such as initial public offer and debt issuing and increasing the reputation. The supervision from public market forces bank managers to work efficiently as well. This kind of support is helpful to the bank efficiency. We suppose that this support mechanism also works for the deposit and loan generation.
(5) "Scale effect" hypothesis: banks with larger size are probably more efficient because of two reasons. One is economies of scale; that is, the more deposits or loans are produced, the lower per-unit fixed cost is because these costs are shared over a larger number of products. Altunbas et al. [32] and Sufian [37] found that banks with larger size were more efficient for economies of scale. The other is that large banks are likely to be easier to absorb deposits and get access to customers in consideration of its safety, powerfulness, and convenience. As to the subprocess level, we expect that "scale effect" shows itself in the deposit and loan generation in Chinese banks.
Other country level factors, such as macroeconomic conditions, monetary policy, and financial system structure, may also have an influence on bank efficiency (note that there are other factors, such as macroeconomic factors at the country level, including macroeconomic conditions, monetary policy, and financial system structure). Following previous studies [38] [39] [40] , the annual growth rate of GDP (g gdp) is applied to gauge the economy development. And similar to Wang and Zhu [26] , we employ annual growth rate of money and quasi money (g m2) as an indicator for the monetary policy formulated by central bank which may have a significant effect on the bank efficiency. The influence of the market structure is considered, which is measured by HerfindahlHirschman index (HHI) [41] . The HHI index is defined as the sum of squares of individual bank loan in the total banking sector loan for China in a certain year [42, 43] (hhi gross loan). The data of the three factors comes from the World Bank Group.
Regression Model.
Based on the test proposed by Breusch and Pagan [42] (see [44] ) and Hausman test, random panel model is proper to this study. To deal with heteroskedasticity, the FGLS (feasible generalized least squares; see [44] ) approach is employed to estimate the regression model (in this case, some literatures employ Tobit model for regression since they hold that there are two limits in OLS model as the efficiency interval is [0, 1]. Hoff [45] makes a specialized comparison on the selection between OLS and Tobit model and points out that the judgment of two limits is incorrect because it is possible for the efficiency score to value at 1 but impossible to value at 0. Hoff then holds that there is no significant disparity between the regression results of OLS and Tobit model whether the efficiency interval is [0, 1] or not, so OLS can be adopted in most cases. This paper uses super efficiency model, and the DMU efficiency score on the frontier can be greater than 1, which excludes the limit that efficiency score can value at no greater than 1, so Tobit model is not adopted). The estimated equation is as follows:
where , that is, the dependent variable, is the overall/divisional efficiency of bank ( = 1, 2 . . . , ) at period ( = 1, 2 . . . , ). 0 is intercept term. is the th ( = 1, 2 . . . , ) observed variables of bank at period , and is the coefficient of the th observed variable. In this paper, six observed variables are set (see Table 5 ). ( + ) is the th ( = 1, 2 . . . , ) control variables, and is the coefficient of control variables, respectively. Three control variables are set, that is, g gdp (growth of GDP), g m2 (growth of 2), and hhi gross loan (HHI) computed by gross loans. is the unobserved individual effects and is the error term. Table 6 presents the descriptive statistics of the variables for the pooled sample of 185 observations. The Pearson correlations of independent variables are provided in Table 7 , which shows that only the absolute value of correlation coefficient between the list and ln ta is bigger than 0.5 (0.774). The implication is that the multicollinearity of them should be considered. The variables list and ln ta appear in the regression models separately. Table 8 reports the regression results estimated by FGLS approach. For each model, the log likelihood and Wald tests are also reported, which shows that the regression model is significant as a whole. Both model 1 and model 2 
Empirical Results.
Shareholder Sharehold = 1 for foreign banks, 0 otherwise "Shareholders behind" (+) List List = 1 for publicly listed banks, 0 otherwise
Total assets ln ta = ln(total assets) "Scale effect"
Note: data comes from Bankscope database. All ratios are expressed in percentage points except defined specially. The expected coefficient signs at bank level are shown in parenthesis. regard overall efficiency as dependent variable. The difference between the two models is that the variable list enters model 1, while the variable ln ta enters model 2. Similar arrangement is also used for models 3 (5) and 4 (6) with the efficiency of stage 1 (2) as dependent variables. The coefficient of netloan ta is positive and significant in model 1, which indicates that "risk taking" hypothesis is true in the bank level; that is, bank managers' efforts to bear more risks may help to improve bank efficiency. Similarly, the coefficient of it is positive and significant in models 3 and 4, which provide strong evidence that "risk taking" hypothesis is true in the deposits generation. However, the coefficient is insignificantly negative in models 5 and 6, which means that the hypothesis is not supported in this subprocess. The above results present that the banks' efforts to attract funds are helpful to the efficiency in the first stage, yet radical behavior such as relaxing the policy on loans may not work. The negative coefficient implies that the NPLs may increase more quickly when banks issue loans in a radical way.
The coefficients of liqassets stfund are positive and significant in the six models, which indicates that "assets liquidity" hypothesis is true not only in the bank level, but also in the subprocess level. High liquidity of assets does help banks to improve their overall and divisional efficiency.
As expected, the coefficient of net int margin is negative and significant in model 2, which indicates that "interest margin" hypothesis is supported in the bank level. The results of models 5 and 6 are similar, which means that the hypothesis also works in the second stage. However, the situation is different for stage 1. The coefficient of net int margin is positive (negative) in model 3 (4) indistinctively, which shows that the "interest margin" hypothesis does not work in this stage. Although this finding is different from previous studies, it can be explained. One more thing that should be noted is that interest margin is decided mainly by the central bank of China instead of the bank market. Low competition related to higher net interest margin may weaken the banks' efforts to issue loans. However, more deposit and other funds are still needed for banks to enlarge the source of loans and investments, which may not be loosen even in a market with low competition.
As to the "shareholders behind" hypothesis, the coin goes on two sides. First, the coefficients of sharehold are significantly positive in models 1 to 4 (except model 2), which indicates that the hypothesis is supported in the bank level and deposit generation; that is, foreign banks show better efficiency than others. But the situation reverses in the loan generation as the coefficient of sharehold is significantly negative in model 6 and also negative in model 5, which presents lower efficiency of foreign banks in this subprocess. It is explained that the foreign banks are probably more cautious to issue loans in China in recent years, especially after the world financial crisis. Second, as expected, the coefficients of list are positive and significant in all models, which indicates that being a listed company does help banks to improve their efficiency in the bank level and subprocess level.
Finally, the "scale effect" hypothesis also works as expected both in the bank level and subprocess level. The coefficients of ln ta are positive in all models significantly, which implies that larger banks have been more efficient in China so far.
By the way, most of the coefficients of the control variables such as g gdp and hhi gross loan are not significant, which shows that macrofactors such as the growth of GDP and market structure do not exert important influence on the bank efficiency. However, the growth of 2 shows positive influence on the deposit generation and negative influence on the loan generation significantly. This is reasonable on account that more money to the economy brought by higher And "-" indicates the hypothesis can neither be supported nor refused.
growth of 2 helps banks to absorb deposits and other funds, though the loans are unlikely to keep up with the speed of deposits and the NPLs may increase with the rise of loans. Table 9 sums our regression analysis to show whether the hypotheses are supported or not in different levels of bank production. It presents that all five hypotheses work as expected in the bank level. However, the situation in the divisional level is mixed. It is interesting that "risk taking" hypothesis does not work for the loan generation, and foreign banks show lower efficiency in this subprocess. Moreover, it is far beyond our expectations that "interest margin" hypothesis fails to work in deposit generation.
Robust Test.
To test the robustness of the above conclusions, further work has been done from the following aspects. First, bank efficiency measured under the assumption of CRS is regarded as dependent variables, then runs regression, and analyzes the results again. Second, Tobit model is applied to make regression analysis. Third, some other independent variables are used, such as the ratio of debt to total assets and liquid assets to total assets. Finally, the lagged dependent variable is employed to avoid possible endogeneity between efficiency and determinants. It is found that these changes do not lead to much difference, denoting good robustness of the conclusion.
Conclusions
When the black box of traditional DEA model is opened, the super efficiency and undesirable outputs should be considered in the network model to provide more accurate and comprehensive measurement of bank efficiency. This paper extends the NSBM model proposed by Tone and Tsutsui [20] to a new two-stage network model named as US-NSBM by means of combing it with super efficiency and undesirable outputs. Based on the data of Chinese commercial banks from 2008 to 2012, we make empirical comparisons between black box models and network models to show that the proposed US-NSBM model may be promising and practical. This paper divides the bank production into two stages of network structure and treats deposits and other raised funds as intermediates. When the overall efficiency or divisional efficiency at each stage is served as explained variable, regression models are constructed to explore the determinants of efficiency both at bank and division level.
Some interesting results are discovered. First, statistical analysis presents that the polarization of efficiency occurs in the bank level and deposit generation, yet it does not occur in the loan generation. Second, all hypotheses proposed in this paper work as expected in the bank level, whereas not all of them are supported in the subprocess level. For example, "risk taking" hypothesis is not true for the loan generation, and foreign banks show lower efficiency in this subprocess. It also shows that the "interest margin" hypothesis does not work in deposit generation. The empirical results shed insight into the sources of efficiency in the deposit generation and loan generation. It implicates that more efforts should be paid to loan generation especially for foreign banks and the reform of interest margin policy should be put forward by the government.
The proposed US-NSBM model can be applied to other financial holding companies and DMUs with network structure production. Nevertheless, there are some limitations and further research aspects. First, the dynamic structure should be taken into account in the network model. Second, the comparison among Chinese bank and banks of other countries could be carried out to study the difference on the determinants of divisional efficiency. Third, it is also worthwhile to explore the characteristics and determinants of insurance companies' efficiency in the divisional level.
